 Abstract-The shift in balance between oxidant/antioxidant in favor of oxidants is termed oxidative stress. Physical exercise may increase accumulation of free radicals and induce oxidative stress. The aim of this study was to evaluate effect of 7 day glutamine supplementation on exercise-induced oxidative stress. Nineteen healthy, nonsmoking, young men were recruited to participate in this study. Participants were randomized in a double-blind placebo-controlled fashion into 2 groups: Glutamine (G group) (n = 9) and placebo (P group) (n = 10). Subjects consumed daily either placebo (1.5 g/kg glutamine + 250ml water + 15g sweetener) or glutamine (250ml water + 15g sweetener) for 7 days. Then, Participants ran 14 km. Blood samples were taken before supplementation, before exercise, immediately, and 1h after exercise. TAC significantly increased immediately after exercise compared with preexercise just in G group (P<0.05). There was significant GHS increasein G group after supplementation, immediately, and 1h after exercise, but just 1h after exercise in P group compared with baseline(P<0.05). MDA-TBARS significantly increased 1h after exercise compared with preexercise just in P group (P<0.05). It seems 7day glutamine supplementation has been able to affectoxidative stress markers via possibly effect on antioxidant agents.
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I. INTRODUCTION
Regular physical activity and exercise are recommended for the maintenance of an optimal health status and the prevention or management of chronic diseases. However, physical exercise may increase accumulation of free radicals and induce oxidative stress as a response to the increased oxygen consumption. Under normal physiological conditions, the cellular antioxidant system removes reactive oxygen species (ROS) and other inflammatory molecules [1] . However, oxidative stress occurs when there is an imbalance between the production of free radicals and antioxidant defense [2] . The cells in our body continuously produce free radicals and reactive oxygen species (ROS) as part of metabolic processes [3] .Oxidative stress can occur as a consequence of a general increase in ROS generation, a depression of the antioxidant defense system (enzymatic and non-enzymatic), or both [4] .Oxidative stress causes damage to biologic macromolecules such as nucleic acids, membrane lipids, and proteins, and hence disrupts normal physiological function [5] . Evidence for increased ROS production during and following exercise is provided by numerous investigations that have noted an increase in various oxidative stress biomarkers following both acute aerobic and anaerobic exercise [6] , [7] . During strenuous exercises, an insufficiency of endogenous antioxidants may cause antioxidant defense systems to be temporarily overwhelmed. Supplementation of these systems with antioxidants may therefore reduce oxidative stress [8] . Measurement of various antioxidant or oxidant parameters can be used to determine the risk of oxidative stress or the effectiveness of antioxidant supplementation [9] - [12] . Glutamine is an important constituent of proteins and is a precursor for the synthesis of amino acids, nucleotides, nucleic acids, amino sugars, and several other biologically important molecules [13] , [14] . It is the most abundant amino acid in plasma as well as skeletal muscle and accounts for more than 60% of the total intramuscular free amino acid pool [15] , [16] . Glutamine is largely synthesized in skeletal muscles and precursors to gluconeogenesis in the liver. Physical exercise is known to affect glutamine synthesis and to modulate glutamine uptake [17] . Glutamine, a nonessential amino acid, has received increasing attention because it becomes essential during stress and catabolic conditions [18] . Moreover, According to some researches, glutamine has antioxidant capacity. Its administration can result in an enhanced antioxidant capacity in various situations, such as critical illness or sepsis [19] . It seems glutamine exerts its antioxidant property through promotion of reduced glutathione synthesis [19] . Strenuous physical exercise as well as prolonged endurance-like programs leads to glutamine depletion due to lowered synthesis and enhanced uptake by liver and immune cells [20] . Nevertheless, based on a literature survey, the alleviating or augmenting action of glutamine on oxidative stress following acute strenuous exercise in humans has not been reported.
To the best of our knowledge, there is a paucity of investigations about the prophylactic effects of glutamine supplementation on exercise-induced oxidative stress and muscle damage. Therefore, the aim of this study was to evaluate influence of one week glutamine supplementation on selected markers of oxidative stress after 14 km running.
II. MATERIAL AND METHODS

A. Subjects
This was a double-blind, placebo-controlled study. Nineteen healthy, nonsmoking, young men were recruited to participate in this study. The protocol of the study was approved by the university ethics committee in accordance with the Helsinki Declaration. All participants were informed verbally and in writing about the nature and demands of study, and subsequently completed a health history questionnaire and gave their written informed consent. Subjects were free of vitamin/mineral and other types of antioxidants supplementation for 3 weeks prior to the study. Physical characteristics were similar in the both groups (Table I) . [21] . Participants warmed up for 10-min and then ran around the track for 12-min, and the distance covered was recorded. The participants must have been encouraged to push themselves as hard as they could. The formula used to calculate VO 2max is: VO 2max : Speed (meter/min)* 0.2 +3.5
Then, participants were randomized in a double-blind, placebo-controlled fashion into two groups: Glutamine (G group) (n = 9), and placebo (P group) (n = 10). They arrived at laboratory after an overnight fasting. A baseline blood draw was taken. Then, subjects consumed daily either placebo (250ml water + 15g sweetener) or the glutamine supplement (1.5 g/kg glutamine + 250ml water + 15g sweetener) for 7days. Afterwards, on the day of the test, subjects attended at athletic arena after an overnight fasting. After second blood taking, participants were allowed to eat a standard breakfast consisting of bread and jam. Two and half hours later, participants warmed up for 15 minutes consisting of running at 50%VO 2max (10min) and stretching (5min). Then, Participants ran 14 km. Participants were allowed to consume water ad libitum throughout the exercise. Blood samples were taken immediately and 1hour after exercise.
C. Blood Sampling and Analysis
Approximately 10 ml of blood was withdrawn at each time point. Three milliliters of blood was placed in heparinized tubes and centrifuged at 4000 rpm for 10 min. Plasma was transferred to micro-tubes and stored at -80°C for subsequent analysis. The rest of the blood was allowed to clot and centrifuged at 4000 rpm for 20 min. Serum was removed and aliquoted in 0.2 ml volumes and stored at -80°C until analysis. Total antioxidant capacity (TAC) was analyzed by Varga et al. method [22] , reduced glutathione (GHS) was measured by Ellman method [23] , and Malondialdehyde (MDA-TBARS) was analyzed using a spectrophotometric method [24] .
D. Statistical Analysis
Results are expressed as mean ± standard error of mean (SEM). Data were analyzed for time and group inter-variability using two way repeated measures analysis of variance (Two-way ANOVA). When appropriate, significant differences among means were tested using Bonferroni post hoc test. Between groups comparison for subject characteristics was done using unpaired t-test. Differences between groups were considered to be significant when P< 0.05.
III. RESULTS
There were no significant differences between physical characteristics of both groups (P>0.05) ( Table I ). Values represent means ± SEM.
A. Antioxidant MARKER TAC increased immediately after exercise compared with pre-exercise just in G group (P<0.05). There were no significant differences between groups before and after exercise (Fig. 1) .
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B. Oxidative Stress Markers
GHS increased immediately after supplementation, immediately, and 1h after exercise compared with baseline in G group (P<0.05). There was significant increase in P group just 1h after exercise compared with baseline (P<0.05) (Fig. 2) . MDA-TBARS significantly increased 1h after exercise compared with pre-exercise just in P group (P<0.05) (Fig. 3) . 
IV. DISCUSSION
The purpose of this study was to evaluate effect of 7day glutamine supplementation on exercise-induced oxidative stress markers.
Exercise is known to have many benefits, including preventive and therapeutic effects on a variety of chronic disorders such as diabetes mellitus, dislipidemia, hypertension, obesity, cardiovascular and pulmonary diseases, muscle, bone and joint diseases, cancer, and depression [25] . While regular exercise training is associated with numerous health benefits, it can be viewed as an intense physical stressor leading to increased oxidative cellular damage, likely due to enhanced production of ROS [26] .
The majority of research in the area of oxidative stress and acute exercise in humans has utilized aerobic exercise protocols. Acute exercise-induced oxidative stress has been well documented over the last decade. A single bout of physical exercise has been shown to induce formation of ROS and nitrogen species and the related oxidative damage. Previous studies have identified elevations in blood oxidative stress markers after acute exercise, indicating that oxidative stress is not limited to the cellular compartment. Furthermore, very high intensity exercise appears to exaggerate the blood oxidative stress response [27] . A number of potential pathways exist for exercise-related oxidant production [28] : 1) Oxygen consumption increases several-old with exercise. Electron leak from the mitochondrial electron transfer chain results the production of superoxide anions. Free radical production measured by electron spin resonance spectroscopy correlates strongly with maximal oxygen consumption.
2) Xanthine dehydrogenase oxidizes hypoxanthine to xanthine and xanthine uric acid using NAD+ as the electron acceptor forming NADH. During ischemia, active muscles xanthine is formed via anaerobic metabolism of ATP and xanthine dehydrogenase is converted to xanthine oxidase. During reperfusion, with the resulting increase in oxygen load, xanthine oxidase still converts hypoxanthine to uric acid, but utilizes oxygen as the electron acceptor forming superoxide.
3) Tissue damage resulting from exercise may induce the activation of inflammatory cells such as neutrophils, with the subsequent production of free radicals by NADPH oxidase. 4) Catecholamine concentrations are increased during exercise, and ROS can result from their auto-oxidation. 5) Muscle mitochondria undergo increased uncoupling and superoxide generation with increasing temperatures. Therefore, exercise-induced hyperthermia may cause oxidative stress.
6) Auto-oxidation of oxyhemoglobin to methemoglobin results in the production of superoxide and the rate of formation of methemoglobin can increase with exercise.
In present study same as our previous studies; we used 14km continuous aerobic running protocol to induce oxidative stress [29] , [30] . According to our previous studies, 14km continuous exercise could increase production of free radicals and enhance oxidative stress markers in health, active, but non-athlete subjects.
Measurement of the body's antioxidant capacity is utilized as a marker of oxidative stress. In response to conditions of strenuous physical work the body's antioxidant capacity may be temporarily decreased as its components are used to quench the harmful radicals produced. On the other hand, Increase in TAC following exercise was reported [8] , [29] . Our study demonstrates an increase in plasma TAC level immediately after exercise just in G group showing possible effect of glutamine supplementation as an antioxidant. The reason of enhancement of TAC in G group may be due to increase of GHS contents of cells after supplementation and exercise (Fig. 2) . The measurement of redox changes in glutathione (the major non-enzymatic endogenous antioxidant) has also been routinely performed as a representation of exercise induced oxidative stress. It plays an important role in the elimination of organic peroxide and hydroxide peroxide. Decrease in GSH level after exercise as a marker of oxidative stress has been reported [31] . Our study showed significant increase in plasma GSH after supplementation, immediately, and 1h after exercise in G group but just 1h after exercise in P group, demonstrating the GHS synthesis promotion possibly from glutamine sources [19] .
Lipid peroxidation has been the subject of extensive studies for several decades, and its mechanisms, dynamics, and products are now fairly well established. The most common method utilized to indicate exercise induced oxidative damage in regards to non-eccentric aerobic exercise has been the assessment of lipid peroxidation, with MDA and thiobarbituric acid reactive substances (TBARS) representing the most commonly used assays. MDA is a three carbon chain aldehyde produced during decomposition of a lipid hydroperoxide. Current study also presents the MDA-TBARS level of plasma as a marker of lipid peroxidation. The increase of lipid peroxidation following 14km running was confirmed in our previous works [7] , [25] , [32] . Current study shows significant increase just in P group 1h after exercise compared with pre-exercise, demonstrating the possible effect of glutamine supplementation as an antioxidant. The possible explanation for no within-group enhancement of MDA-TBARS in G group compared with P group is possibly promotion of GHS contents and antioxidant capacity due to glutamine supplementation.
V. CONCLUSION
The present study suggests acute strenuous bout of exercise could lead oxidative stress on healthy young men. One week supplementation of glutamine has some alleviating effects on lipid peroxidation and may augment intracellular antioxidant system. Nevertheless, the exact mechanism of glutamine on attenuating the markers of oxidative stressis not well established and further exploration is needed.
